When sweet potato (Ipomoea batatas) root tissue was infected by Ceratocystisfimbriata, activity of the enzyme system from mevalonate to isopentenyl pyrophosphate, especially of pyrophosphomevalonate decarboxylase (EC 4.1.1.33), was increased in the noninfected tissue adjacent to the infected region, preceding the furano-terpene production in the infected region. Cutting and incubation of sweet potato slices did not produce furano-terpenes, and only slightly increased the activity of the enzyme system from mevalonate to isopentenyl pyrophosphate. The enzymic activity in diseased tissue was localized in the soluble fraction, and was higher in the tissue from the surface to a depth of about 5 mm with gradual decrease toward the inner part.
Sweet potato (Ipomoea batatas) root tissue produces many kinds of furano-terpenes such as ipomeamarone in the infected tissue, when infected by Ceratocystis fimbriata (11, 15) , or treated with mycelial or conidial extract of C. fimbriata (12) , some toxic chemicals such as mercuric chloride (24) , and some amino acids (12) . The terpenes are known to be fungitoxic and involved in the defense action of the host against the parasite (3, 13) . Therefore, it is important to elucidate the mechanism of the terpene biosynthesis.
So far as investigated, when acetate-2-'4C, MVA'-2-'4C, or farnesol-2-14C was applied to the infected tissue, the label was incorporated into ipomeamarone, the main furano-terpene (16, 18) . Furthermore, the enzyme system from acetyl CoA to HMG CoA, HMG CoA reductase, and the enzyme system from MVA to IPP were activated in the noninfected tissue adjacent to the infected region (17, 19, 23) . These results have led us to the conclusion that the terpenes are produced by the acetate-MVA-I Abbreviations: MVA: mevalonate; HMG CoA: 3-hydroxy-3-methylglutaryl CoA; IPP: isopentenyl pyrophosphate; MVAPP: pyrophosphomevalonate; MVAP: phosphomevalonate.
farnesol pathway in the same way as sterol biosynthesis. and that the terpene biosynthetic system involving the acetate-MVAfarnesol pathway is activated in the tissue in response to fungal infection. However, the triggering mechanism of the enzyme formation has not been elucidated. The induction mechanism of the terpene production may give a clue to elucidating physiological responses of plants to external stimuli.
This paper reports the correlation between the increase in activity of the enzyme system from MVA to IPP, especially MVAPP decarboxylase and terpene production. in sweet potato root tissue infected by C. fimbriata or treated with toxic chemicals. Effects of actinomycin D, cycloheximide, and blasticidin S on terpene production and formation of MVAPP decarboxylase are also described. Figure la , the activities for synthesis of total phosphorylated products MVAP + MVAPP + IPP) were increased markedly in the 12-to 24-or 48-hr period after inoculation, but the production of terpenes (Fig. Ib) was most active in the 24-to 48-hr period after inoculation. Increase in MVAPP decarboxylase activity using MVAPP-2-14C (method I) was greatest in the 12-to 24-hr period after inoculation (Fig. 2) . These results indicated that terpenes were produced following increase in activity of the enzyme system from MVA to IPP in response to infection by C. fimbriata. However, cut tissue did not produce terpenes and slightly increased activity of the enzyme system from MVA to IPP (Fig. la) .
MATERIALS AND METHODS

MATERIALS
In order to examine the tissue part where activity of the enzyme system from MVA to IPP is increased, tissue slices (1 mm thick) from five different layers of diseased tissue were homogenized separately. The first layer was about half fungusinvaded. Fungus invasion was not observed in the second to the fifth layers. As shown in Figure 3 , activity of the enzyme system from MVA to IPP was activated from the surface to a depth of about 5 mm (from the first to fifth layers where terpenes were not detected with gradual decrease toward inner layer). Table I show that the enzyme system from MVA to IPP is localized mainly in the soluble fraction in diseased tissue. Effect of Antibiotics on Induction of Terpene Production. As shown above, sweet potato root tissue produces terpenes in response to infection by C. fimbriata, preceded by the increase in the activity of the enzyme system from MVA to IPP. However, the sweet potato-C. fimbriata system is not suitable for investigation of the mechanism of terpene induction in detail, because RNA and protein synthesis in sweet potato cannot be inhibited selectively without an effect on C. fimbriata. We reported that production of terpenes was induced in sweet potato root tissue by some toxic chemicals such as mercuric chloride (24) . Therefore, in this study, mercuric chloride and SDS were used as inducers for terpene production. Terpene induction by mercuric chloride or SDS was inhibited by 30 or 50% of control when inducer was applied together with cycloheximide to freshly prepared discs which had been subjected to vacuum infiltration of cycloheximide (Table II) . When actinomycin D was applied in the same conditions (Table II) ylase was observed preceding the maximum terpene production in this system as in fungal-induced tissue. Induced increase in MVAPP decarboxylase activity was inhibited completely by cycloheximide (Table III) .
Data in
Terpenes accumulated after a 24-hr lag period when inducer was applied to freshly prepared discs (Table III) . but accumulated within 24 hr after inducer application when discs were preincubated at 2'9 C for 24 hr before inducer application (Table  IV) . Terpene induction in 24-hr incubated discs by mercuric chloride or SDS was not inhibited by cvcloheximide and actinomycin D, but was rather stimulated by low concentrations of the inhibitors (Tables IV and V) . Ho\vever. neither cycloheximide nor actinomycin D itself induced terpenc production (Tablc V). Terpene induction by mercuric chloride was not inhibited by cycloheximide and blasticidin S (1 or 5 ,ug/ml. a potent inhibitor of protein synthesis in both bacterial and mammalian cells [251). when either inhibitor and inducer were applied to 9-hr incubated discs. Induced increase in MVAPP decarboxylase activity by mcrcuric chloride was rather stimulated bv cvcloheximide. as terpenes were stimulated, when it was applied to the discs together with inducer at the 20-hr incubation stage after disc preparation (Table VI) . The level of increased MVAPP decarboxylase activity wvas roughly proportional to the amounts of terpene produced. In this experiment, a low concentration of terpenes was recorded in discs treated only by distilled H.2O or (Fig. 3) (Table III) . but were not inhibited but rather stimulated when inhibitor was applied to the discs together with the inducer at a 20-hr incubation stage after disc preparation (Table VI) . These results may suggest that: (a) synthesis of the enzyme protein is required for the induction of terpene production in sweet potato root tissue; (b) synthesis of the precursor protein, not active enzyme. is induced by cutting Cvcloheximide and HgCl2: cycloheximide (2 ,ug/ml) and HgCI2 (0.1%. w/v). respectively. 2 Activities were higher than data in Table IV . possibly because of the difference in the storage period between both samples used.
without induction treatment such as fungus infection and application of toxic chemicals; and (c) the additional different cell injury such as fungus invasion and chemical diffusion is required for the modification of the enzyme protein from a latent form to an active form, which participates in terpene biosynthesis. The final conclusion remains to be solved. An approach to solving the mechanism may be to clarify whether the coapplication of some inhibitors such as cycloheximide with terpene inducers as HgCl., to preincubated discs stimulates the formation of the necrotic tissue, increasing the release of the tissue-originating stimulus to elicit the terpene production.
